Abstract. The natriuretic peptides, especially the B-type peptide (BNP) and its inactive split-product N-terminal proBNP (NtproBNP) are increasingly used in screening for heart failure, primarily with reduced systolic function, in patients with symptoms suggestive of heart failure, as well in the stable (General Practitioner) setting as in the acute setting. Supporting this use is a very strong prognostic value of the natriuretic peptides. This has been shown in as well heart failure as acute coronary syndromes, but also in the general population and in high-risk groups as patients with diabetes, hypertension and coronary artery disease. This has of course raised interest for the use of the natriuretic peptides as a risk marker and for screening for heart failure with reduced systolic function in these populations. In symptomatic persons and in high risk populations, the natriuretic peptides have demonstrated a high sensitivity for ruling out the disease, if the right decision limits are choosen. Thus the number of normal echocardiographies can be reduced. More recently, the use in screening asymptomatic persons for left ventricular systolic dysfunction has gained more interest. In the unselected population, screening would probably not be cost-effective. In populations with a higher pre-test probability for heart failure, as patients with diabetes, hypertension and stable coronary artery disease, screening would presumably be more cost-effective, but evidence for the use in this setting is still lacking.
Introduction
The use of biomarkers, including the natriuretic peptides, in predicting cardiovascular disease has been gaining increasing interest during recent years. Several applications for the use of biomarkers have been suggested in the general population and in high-risk groups such as those with coronary artery disease, diabetes and hypertension. Initially, biomarkers were used or suggested primarily for use as a prognostic tool, but more recently some have shown promise also in diagnosing or screening for disease.
Presumably, some of the most promising biomarkers at present are the natriuretic peptides.These have been known and studied for many years but have only recently drawn increasing interest thanks to much easier access to commercially available assays. Initially, most studies were carried out on atrial natriuretic peptide (ANP) (then termed atrial natriuretic factor, ANF). Unfortunately ANP and the other main natriuretic peptide BNP were fairly unstable and difficult to measure. The emergence of much easier assays for the B-type natriuretic peptides (BNP and its inactive split product NTproBNP) enabled larger studies demonstrating their strong prognostic and clinical value. More recently new techniques of measuring proANP have made it more accessible, early results have shown it to be a strong prognostic marker [1] and further work is in progress to demonstrate its clinical value, perhaps in combination with the B-type natriuretic peptides.
The prehormone preproBNP is secreted in the myocardium, split to proBNP and again to the active BNP and the inactive split product NTproBNP. The half-life of BNP is short (approximately 18 min), while the halflife of NT-pro-BNP is substantially longer. In response to myocardial wall stress, BNP is secreted from the myocardial cell predominantly in the left ventricle and to a lesser degree from the atria and right ventricle. Diseases that impact wall stress, especially heart failure, induce an increase -most often high -in B-type natriuretic peptides [2] . BNP and NT-proBNP are fairly similar in their response to different stimuli, but NTproBNP is present in higher concentrations, is more stable at room temperature and can be sent as whole blood by ordinary mail to be centrifuged and analysed within 2 days. Thus BNP and NT-proBNP would in general be equally applicable in hospital settings, while NT-proBNP may be superior in an outpatient or general practitioner setting.
Prognostic value of the B-type natriuretic peptides
The first studies carried out in stable heart failure patients showed a very strong prognostic value of BNP and NTproBNP, much higher than that of traditional risk markers such as left ventricular systolic function (ejection fraction) and New York Heart Association class [3] . Since then the strong prognostic value in stable heart failure has been well established, and also extended to other cardiovascular disease entities as acute heart failure [4] , acute [5] and chronic [6] coronary artery disease, and the general population and high risk populations.
Prognostic value in the general population
Many different biochemical markers have for many years been known to be cardiovascular risk markers in the general population. The strongest were probably microalbuminuria [7, 8] and, among the plasma markers, high sensitivity C-reactive protein (hsCRP) [9] . More recently a number of studies have shown a strong prognostic value for the B-type natriuretic peptides in predicting mortality as well as hospitalization for heart failure, stroke and atrial fibrillation, but only a fairly weak predictive value for myocardial infarction.
Wang et al. [10] reported powerful independent associations among BNP and death and cardiovascular events in the Framingham Offspring Study. This finding was of particular interest in light of the previous report of an only modest utility of BNP testing to screen for LVSD and LVH in this same cohort [11] . In a population-based prospective study of individuals aged 50-89 years [12] , NT-proBNP, hsCRP, and urinary albumin/creatinine measurements were performed in 626 participants and correlated with events through 5 years of follow-up. After adjustment for cardiovascular risk factors and serum creatinine, NT-proBNP levels the 80th percentile were associated with an approximate 2-fold increase in the risk for mortality and a 3.24-fold increased risk for first major cardiovascular events. Of particular importance, the association with mortality persisted after further adjustment for LVSD. The prognostic information provided by NT proBNP was greater than that provided by hsCRP. In the Olmsted County population of 1,991 subjects without HF and with complete clinical and echocardiographic data, NT-proBNP as well as BNP predicted mortality through 5.6 years of follow-up, after adjustment for traditional risk factors and echocardiographic abnormalities [13] . In a recent paper we demonstrated that the additional use of biomarkers would change the HeartScore classification significantly in one-fifth of a general population [14] .
In 2,656 persons from the Danish Glostrup population studies observed for 9.4 years, serum NT-proBNP and urinary albumin/ creatinine, but not hsCRP, predicted cardiovascular death in an additive fashion after adjustment for established cardiovascular risk factors [15] . In contrast to this finding, data from Sweden on 1,135 elderly men shoved an improvement in risk stratification for cardiovascular death using several biomarkers (troponin I, NT-proBNP, cystatin C and hsCRP) [16] . At present, the clinical superiority of a multimarker strategy over the use of only a single marker could be promising, but further investigations on this are needed.
In conclusion, BNP and NT-proBNP have shown very strong prognostic value in the general population. Data indicate that the use in risk evaluation could result in an improved risk classification, but confirmatory data supporting a use for this is still lacking.
Prognostic value in high risk populations
It must be assumed that BNP and NT-proBNP will have the same strong prognostic value in high risk populations as in the general population, identifying sub-groups in a high risk group with an even higher risk. The high risk groups primarily studied are stable coronary artery disease, diabetes mellitus and hypertension.
No specific outcome study in a mixed high risk population has been published. Results from the large Heart Outcomes Prevention Evaluation (HOPE) study [17] and the Heart Protection Study (HPS) [18] involving high-risk patients primarily with established ischemic heart disease, showed that NT-proBNP was predictive of cardiovascular events and highly predictive for the development of heart failure. The highest NT-proBNP quintile in the HPS had an adjusted relative risk for heart failure hospitalization or death that was 9 times greater than the lowest quintile.
Stable coronary artery disease
NT-proBNP has been shown to be a strong prognostic marker in patients with stable coronary heart disease [6, 19] . In one study 1,034 patients referred to elective coronary angiography because of symptoms or signs of coronary heart disease were studied [6] . The level of NT-proBNP was significantly higher in patients with severe angiographic coronary disease as compared to patients with no coronary disease or minor atherosclerotic lesions at angiography. Patients were followed up for a median of 9 years with registration of survival status. A significant decreased survival with increasing levels of NT-proBNP were found. The hazard ratio for death from any cause was twice as high in patients with NT-proBNP levels in the highest quartile as compared to patients with NT-proBNP levels in the lowest quartile. This increased risk was independent of conventional cardiovascular risk factors and invasive measurements of severity of coronary disease and left ventricular dysfunction.
Diabetes mellitus
Individuals with diabetes generally have slightly higher levels of NT-proBNP and BNP in comparison to people without diabetes [20] . Several studies have shown a very strong prognostic value of NTproBNP in patients with type 1 [21] and type 2 diabetes [22, 23] . Even among diabetic patients with micro-or macroalbuminuria, the strong prognostic value is preserved and is supplementary to that conferred by micro-or macroalbuminuria alone. For example, in one cohort of diabetic patients with long-term followup, the 9-year mortality in those with macroalbuminuria and NT-proBNP above the median, macroalbuminuria and NT-proBNP below the median and in those without albuminuria was 40%, 12% and 7%, respectively [21] . In patients with microalbuminuria, compared to those with normoalbuminuria, a steeper increase in NT-proBNP is seen over time in parallel with a more severe prognosis. In diabetic out-patients, NT-proBNP has a very high negative predictive value for cardiovascular events, thus identifying individuals who are at lower risk for cardiovascular events [24] .
Hypertension
NT-proBNP is a strong predictor for both mortality and morbidity in patients with hypertension. The Losartan Intervention for Endpoint Reduction in Hypertension (LIFE) study recruited high-risk patients with hypertension and electrocardiographic LVH [25] . NT-proBNP testing markedly improved risk stratification when added to the presence or absence of a history of cardiovascular disease (CVD), implying an incremental usefulness for risk stratification as the medical complexity of the patient increased.
Clinical use
The very strong prognostic value of BNP and NTproBNP has given rise to a substantial interest in the clinical use of these markers. At present the primary approved use is in screening for heart failure in symptomatic outpatients [26] and in patients admitted to hospital for acute heart failure [27] .
Other applications, e.g. screening for heart failure and/or risk in the general population or in high-risk populations such as individuals with diabetes, may be of interest but have not been conclusively established. Furthermore, studies are currently underway to test the utility of these markers in guiding therapy and improving control in outpatients with heart failure.
Screening symptomatic individuals in the general population for heart failure
Identification of both frank heart failure and asymptomatic left ventricular systolic dysfunction (LVSD) is crucial, as the untreated prognosis is very severe, but modern investigation techniques along with the introduction of proven pharmacological and mechanical treatments markedly reduce morbidity and mortality [28] . As the symptoms of heart failure are often relatively non-specific, there is a risk that patients may not be properly investigated, with a resulting delay (or failure) of diagnosis and institution of appropriate therapy. Following a comprehensive history and physi-cal examination, the most commonly used diagnostic method for outpatient evaluation of cardiac function is echocardiography, but this investigation demands expensive equipment and trained sonographers. Thus, a marker for heart failure among symptomatic outpatients is very valuable, and in recent years the use of B-type natriuretic peptides has been implemented in European guidelines as part of the screening process for symptomatic outpatients [28] .
Several studies have been performed to test the utility of BNP and NT-proBNP in evaluating patients with symptoms suggestive of heart failure, each demonstrating superb negative predictive values and sensitivities of approximately 99% and 90%, respectively. On the basis of these studies, the accepted 'rule-out' value of NT-proBNP is 125 pg/ml [26] , regardless of age and gender. The very high sensitivity implies a very low risk of overlooking a patient with heart failure, a fact essential for effective screening. Due to the normal values increasing with age, the specificity in the elderly is relatively low using this value, and work on establishing age specific values are in progress.
Putative pitfalls in the use of BNP and NT-proBNP
There are several putative pitfalls in the use of the Btype natriuretic peptides in screening for heart failure, as several factors influence their levels. Some drugs, especially angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers, but also diuretics and spironolactone, reduce B-type peptide levels. Obesity and hypothyroidism also have the same effect on the B-type natriuretic peptides, but present experience suggests that the decrease due to drugs and obesity is modest, and the risk of inducing false-negative values, and thus overlooking heart failure, is very small. Other factors induce an increase in the levels of Btype natriuretic peptides, the major problem being the higher concentrations seen with increasing age in individuals without clinically overt cardiac disease [29, 30] . The reason for this could be age-related changes in the metabolism of B-type natriuretic peptides, agedependent changes in the heart, or it could be due to the decrease in renal function with age. Other factors that induce an increase in B-type natriuretic peptides are impaired renal function (primarily at least moderate impairment), valve diseases, atrial fibrillation and left ventricular hypertrophy. The increased risk of falsepositive values in these situations is no problem in clinical practice, as further echocardiographic investigation would often be warranted in these conditions. Gender also affects BNP and NT-proBNP levels, and higher levels are found in women than in men [29, 30] .The magnitude of the differences is fairly small and of no importance in outpatient testing and the same cut-off value may be used in both sexes. A substantial proportion of heart failure patients have non-systolic heart failure, including diastolic dysfunction.The value of Btype natriuretic peptides in evaluating heart failure in these patients has been less well investigated, partly due to the lack of diagnostic gold standards for nonsystolic heart failure. From the published literature it is reassuring that BNP [31] and NT-proBNP [32] appear useful for evaluating patients with non-systolic heart failure, although generally lower values in the context of nonsystolic heart failure are expected.
Screening asymptomatic individuals in the general population for heart failure
Screening is only warranted if a positive finding has any clinical consequence. The detection of asymptomatic left ventricular systolic dysfunction (LVSD) would have clinical implications because treatment with angiotensin-converting enzyme inhibitors would be indicated.
Several studies have shown that the B-type natriuretic peptides are of value in detecting asymptomatic LVSD in the general population [29, 33] . However, the prevalence of heart failure (the pre-test probability) is so low that screening using B-type peptides, followed by further investigation with echocardiography in patients with elevated values, would lead to a huge amount of normal echocardiographic test results in order to detect those very few patients with asymptomatic LVSD [34] . Screening in the general population would probably not be cost-effective, but it is likely that the higher prevalence of LVSD in high risk patients, e.g. those with diabetes, hypertension or ischemic heart disease, would increase the cost-effectiveness to an acceptable level [34] . However, definitive studies evaluating such targeted application of B-type peptides have not been performed.
Screening asymptomatic high risk individuals

Stable coronary artery disease patients
These comprise a high-risk group with putative indication for the use of BNP/NT-proBNP as a screening tool for left ventricular systolic dysfunction [34] . Studies indicate that the B-type natriuretic peptides are of limited value in detecting left ventricular systolic dysfunction in this group, presumably because of a higher prevalence of competing diagnoses including ischemia, left ventricular hypertrophy, and diastolic dysfunction, which all may cause elevations in natriuretic peptide levels [35, 36] .
Recently, several studies have confirmed the strong epidemiological association between the B-type natriuretic peptides and severity of coronary atherosclerotic lesions and signs of ischemia. This has led to the assumption that ischemia per se contributes significantly to circulating levels of natriuretic peptides, and this may be one of the reasons to the adverse prognosis in these patients. However, whether natriuretic peptides will prove effective in diagnosis of coronary disease remains yet to be established, but available work is not encouraging [37, 38] .
Diabetes mellitus
The B-type natriuretic peptides may be useful for screening in the diabetic population, for example at a diabetes outpatient clinic, to detect those with 'asymptomatic' heart failure. The prevalence of heart failure in this group is substantially higher than among non-diabetic subjects [39] , thus making screening substantially more cost-effective. No studies on costeffectiveness have been performed in diabetic patients, but Nielsen et al. [34] analysed a population-based study from Scotland and found that the number of patients who would need to be examined with echocardiography (after NTproBNP screening) in order to identify one patient with LVSD was 67 in the general population, which was reduced to 12 in a high-risk population with either hypertension or electrocardiographic changes but without heart failure. Although these figures could make screening a much more attractive proposition, a major problem is the lack of data on diabetes and the lack of validated cut-off values as those existing for symptomatic patients. Therefore, more widespread use of this indication should await further clarification. Another interesting application would be screening for coronary artery disease in asymptomatic patients with diabetes. Only sparse and not too encouraging studies on this are published, but further studies are ongoing.
Hypertension
In population studies, the natriuretic peptide levels are generally higher in patients with hypertension than in normotensives, and levels of NT-proBNP are related to both clinic and 24-hour ambulatory blood pressures [40] . Furthermore, NT-proBNP is related to left ventricular mass measured by magnetic resonance imaging [41] , although the elevation in NT-proBNP with left ventricular hypertrophy (LVH) is generally less pronounced than in patients with significant LVSD.
Work from the Framingham study shows that the value of general community screening with BNP for LVH is modest and cannot be recommended [11] . There are no studies of the utility of BNP or NT-proBNP for detection of LVSD conducted solely within hypertensive populations, but as mentioned above, Nielsen et al found this approach cost-effective. Although there is a sound rationale behind such an approach, further prospective observational data are required.
Conclusions
The B-type natriuretic peptides (BNP and NTproBNP) have an established use in screening patients with symptoms suggestive of chronic heart failure before further investigation (echocardiography) and for risk stratification in acute heart failure.
The uniform demonstration of the B-type natriuretic peptides very strong prognostic value in all populations studied gives hope for the use as a risk marker in different populations, but primarily as a screening marker for asymptomatic left ventricular dysfunction in high risk populations.
